Nuclear ubiquitous casein and cyclin-dependent kinases substrate (NUCKS) is a chromosomal protein of unknown function. Its amino acid composition and structure of its DNA binding domain resemble those of high mobility group A (HMGA) proteins which are associated with various malignancies. Since changes in expression of HMGA are considered as a marker of tumor progression, it is possible that similar changes in expression of NUCKS could be a useful tool in diagnosis of malignant skin tumors. To investigate this assumption we used specific antibodies against NUCKS for immunohistochemistry of squamous (SCC) and basal cell carcinoma (BCC) as well as keratoacanthoma (KA). We found high expression of NU-CKS in nuclei of SCC and BCC cells which exceeded expression of the well-known proliferation marker Ki67. Expression of NUCKS in benign KA was much below that of malignant tumors. With the present study and based on our previous experience we would like to suggest the NUCKS protein as a novel proliferation marker for immunohistochemical evaluation of formalin-fixed and paraffin-embedded skin tumor specimens. We would like to emphasize that NUCKS abundance in malignant skin tumors is higher than that of the well-known proliferation marker Ki67, thus allowing more precise assessment of tumor proliferation potential.
Introduction
Nuclear ubiquitous casein and cyclin-dependent kinases substrate (NUCKS) is a nuclear DNA binding protein occurring in almost all types of human cells [1, 2] . Its biological functions are not well understood, but its structural similarity to the high mobility group A (HMGA) proteins suggests that it may play a role in regulation of chromatin structure and its activity [3] [4] [5] .
The abundance of NUCKS in rapidly growing cells as well as the overexpression of nucks mRNA in ovarian cancer [6] suggests that this protein may be involved in facilitating and maintaining activity of transcription of some genes during rapid proliferation and in cancer.
Until now NUCKS has been studied in detail using a variety of biochemical and cell biological methods [1, 2, [7] [8] [9] [10] [11] . Some of these analyses related the occurrence of the protein to histological grade or to a particular tumor type and also to benign epithelial proliferations. Several studies performed during the last four years by independent research groups have revealed similar results in relation to significance of NUCKS expression in a number of breast lesions [7, 11] . Using patient-matched samples of normal breast tissue and breast cancer by mass spectrometry we revealed elevated levels of NUCKS in protein extracts from ductal breast cancers [11] . Immunohistochemistry using polyclonal antibodies raised against a NUCKS-relat-ed peptide revealed elevated expression of NUCKS in the cells of invasive ductal carcinoma. Statistically significant differences between groups of G1 and G2, and also between G1 and G3 cancers were confirmed, whereas no significant difference between groups G2 and G3 was found [11] . The elevated expression of the NUCKS gene was also found to be associated with high-invasive phenotype in mouse lung adenocarcinoma cell strains and the NUCKS protein was increased in the majority of the cell strains [12] . Additionally Kikuchi et al. revealed a significant correlation between NUCKS expression level and tumor stage, CEA level and other features in patients with colorectal carcinoma [13] .
The expression of Ki67 protein is closely associated with cell proliferation and this has been examined in the past in various malignant tumors including breast cancer [14] . The antigen can be exclusively detected within the nucleus during the interphase, whereas in mitosis it is relocated to the surface of the chromosomes. The fact that Ki67 protein is present during all active phases of the cell cycle and mitosis, but is absent in resting cells, makes it an excellent marker for determining the growth fraction of a given cell population [15] . Immunohistochemical analysis of antigens present within the targeted cancer tissue remains the main diagnostic procedure worldwide. It is obvious because the routine immunohistochemistry is a simple, not expensive and a relatively fast method of diagnosis. SCC is recognized as a malignant, metastasizing tumor, often with poor prognosis, whereas BCC is a locally malignant and non-metastasizing tumor with good prognosis. BCC is reported as the most frequent malignant tumor in human patients. An interesting review about basal cell carcinoma (BCC) has recently been published by Mackiewicz-Wysocka et al. [16] . Therefore squamous cell carcinoma (SCC) and BCC might be considered convenient and easily available models for basic studies in oncology. Both are routinely and usually successfully treated by surgical excision and in SCCs also by radiotherapy (stage I or II), supported by chemo-radiation in stage III and IV [17] . Progress has been made in the development of new treatment methods, especially in treatment of SCCs, in the last decades. Although these methods resulted in general improvement of therapy outcomes, the 5-year survival rates were not significantly improved [18] . Therefore, the early diagnosis of primary malignant tumors and the search for new markers of cell proliferation remain challenging tasks.
In this work we analyzed the occurrence of NU-CKS in cells of the two most common skin tumors, squamous and basal cell carcinoma (SCC and BCC), and in benign keratoacanthoma (KA) in relation to expression of a well-known proliferation marker, Ki67. To our knowledge, this is the first study analyzing occurrence of NUCKS in SCC, BCC and KA cells in relation to Ki67.
Material and methods

Antibodies
Antibodies against NUCKS were prepared accordingly to the procedure described previously [11] . Polyclonal anti-Ki67 was purchased from Novocastra, UK (NCL-Ki67p) and the staining was performed in the same way as in the case of NUCKS.
Histopathology
Seventy-eight cases of clinically suspected solitary skin tumors were included in the present study. They were obtained between January and December 2012, collected at the Department of Pathology, Wroclaw Medical University, from surgical units in Lower Silesia, Poland. Tumors were excised using a standard surgical protocol with wide margins of macroscopically unaltered skin. All other cases with incomplete excision or greatly disintegrated were excluded from the study. Local Ethics Committee guidelines were followed.
The samples from 78 tumors were fixed in 4% formalin and embedded in paraffin. After that, the paraffin blocks were cut on a microtome to obtain 4 μm thick slices which were mounted on glass slides and stained with hematoxylin-eosin (HE) or with antibodies. Evaluation of HE-stained samples was performed by use of a light microscope (OLYMPUS BX50) at magnification 100 or 200 times. This microscopic evaluation confirmed basal cell carcinoma in 30 and squamous cell carcinoma in 27 cases, and benign keratoacanthoma in 21 cases. We chose the above 3 tumors because they represent three different ways of tumor growth: keratoacanthoma is benign; basal cell carcinoma is locally malignant and non-metastasizing; while squamous cell carcinoma is malignant and metastasizing. Table I shows the general characteristics of BCC and SCC, and KA cases examined in this study.
Immunohistochemical staining
Following deparaffinization the antigen determinant was retrieved using normal pressure cooking in 0.01 M sodium citrate for 9 minutes in a 350 W microwave oven at pH 6. The slides were blocked for endogenous peroxidase (Peroxidase Blocking Reagent, DAKO Cytomation) and incubated overnight with anti-NUCKS antibodies at a concentration of 15 μg/ ml in PBS containing 125-fold diluted swine serum at 4°C. The binding of the primary antibodies was visualized using the ABC method (kit LSAB, DAKO Cytomation) and stained with DAB (DAKO). The PBS was used at each step. Finally, the slides were counterstained with hematoxylin and rinsed in tap water.
The percentage of positively stained tumor cells was evaluated on 5 fields from the center of the tumor: the number of positively stained cells (nuclei) was divided by the total number of cancer cells seen on that field at magnification of 400 times. A mean value from 5 such fields is shown in the "results" section. The selection criterion for the 5 fields measured was the center of each sample and this was assessed by two independent pathologists. The intensity of staining was evaluated as:
The positive control for NUCKS and Ki67 antibodies was obtained by using samples of invasive ductal carcinoma (IDC) where both were found to result in strong positive reactions. The negative control was obtained by omitting the primary antibody. We also checked whether inflammatory cells, such as lymphocytes or plasma cells, expressed NUCKS.
The microphotographs were taken using a light microscope (OLYMPUS BX40) at magnification 200 times and a digital camera (OLYMPUS DP10). Statistical analysis of the correlation between number of positively stained cells and histological type of examined tumors was made. One-way analysis of variance (ANOVA) by ranks was used for statistical analysis.
Results
Immunohistochemical analysis of NUCKS in BCC and SCC, and in KA.
All samples were first evaluated with regard to their histological type (nodular or multifocal, superficial BCC, SCC or KA) and then the samples from each tumor were studied using an immunohistochemical method. The occurrence of NUCKS was observed in 87.8% of nuclei of tumor cells in BCCs (mean value from all examined cases) ( Fig. 1A and Table II) , and to lesser extent, and in some cases only, in endothelia, lymphocytes and in plasma cells. The intensity of staining of BCC cells was evaluated as intermediate-to-high. The cells of BCC revealed high proliferation activity and the staining for Ki67 was found to be positive in almost 47% of cells from all examined cases (Fig. 1B and Table II ). The intensity of staining was evaluated as IH.
The staining for NUCKS in cells of SCC turned out to be comparable to that of BCC. The staining revealed an IH or high intensity and the occurrence of NUCKS was observed in nuclei of 83.85% of all examined cancer cells. Figure 1C shows the positive staining for NUCKS in the cells of SCC. In that tumor the occurrence of NUCKS also exceeded 80% (in particular -82%) (see also Fig. 2A . Percentage of the NUCKS expression is different in each group (p < 0.05).
The percentage of Ki67 expression in BCC, SCC and KA group is shown in Fig. 2B ; statistical analysis revealed differences between each group (p < 0.05). The positive staining for Ki67 in the cells of SCC was found in on average 72.3% of cells from all cases (see Table II ). The intensity of positive staining was assessed as IH (Fig. 1D) . In general, the cells of SCC were found to express positive reaction for Ki67 at higher frequency than the cells of BCC. Staining for NUCKS in the cells from the benign tumor (KA) was clearly less frequent than that of SCC or of BCC. Figure 1E shows the result of immunostaining against NUCKS in one case of KA, where it was found in more than 50% of nuclei of tumor cells. The average of the positive cellular staining for the whole group of KA was 53.5% and the intensity as LI. Similarly to above two cancers, a small number of lymphocytes, plasma cells and endothelial cells expressed NUCKS.
In contrast to SCC or to BCC, the staining for Ki67 in the cells of KA turned out to be very weak: only basal cells from the epithelium showed positive reaction. The intensity was evaluated as IH and the frequency did not exceed 20% (mean: 17.8% for all examined KAs) (Fig. 1F, Table II ).
Discussion
The BCC, SCC and KA belong to the most frequent tumors in humans. The incidence of BCC in the skin was proved to be the highest among all malignant skin tumors. Although the BCC was classi- Squamous cell carcinoma occurs in every localization where the squamous epithelium is present, e.g. in larynx, esophagus, uterine cervix, oral mucosa and in the skin. The KA is not very common lesion and it is often misdiagnosed as a malignant condition. It is even claimed that KA may lead to SCC [19] . We chose these three tumors as model tumors for our studies to investigate a correlation of occurrence between NUCKS and the well known proliferation marker, Ki67, because they represent three different ways of tumor growth. Namely, KA is a benign, BCC -locally malignant, non-metastasizing and the SCC -malignant and metastasizing tumor. In order to differentiate SCC from KA a panel of antibodies including p53, Ki67 and bcl-2 was already applied in previous studies [20] . The immunohistochemical staining revealed that the presence of p53, Ki67 and a-SMA was associated with more aggressive behavior in large BCC [21] . The expression of p63 in skin tumors, i.e. in BCC, SCC and in KA to clarify its role in the development and differential diagnosis of these lesions, was also investigated [22] . p63 immunostaining was also used in distinguishing between other malignant and benign skin tumors [23] . The other search for markers to be applied in SCC diagnosis revealed that there is a panel of markers that might be A similar staining pattern was noted for RANK protein in these localizations while an absence of staining of RANK protein was observed in all healthy tissues [24] . The role of EGFR [25] or miR-205 and miR-21 in SCC diagnosis was raised in another study [26] . In other study, Bcl-x immunoreactivity was found in 88% of SCC, whereas in KA it was typically confined to the mid-to-upper spinous keratinocytes and generally found in 59% suggesting that the protein contributes to the survival advantage and aggressiveness of the SCC [27] . Class III β-tubulin expression was demonstrated in 50% of BCCs and it was suggested as a useful marker for distinguishing BCC from non-neoplastic hair buds [28] , while in our study the expression of NUCKS in BCCs was much higher than that of IIIβ. CD10 is considered to be useful for distinguishing BCC (especially superficial BCC) and SCC in difficult cases [29, 30] , also it might be helpful for differentiating between BCC and some benign skin tumors [29] . In our study the expression of above mentioned Ki67, which reflects the malignancy potentials, was strongest in SCC (72.3%), lower in BCC (47%), while in KA it did not exceed 18%.
Within the present study we also carried out parallel immunohistochemical observations which proved that NUCKS is overexpressed in cells of BCC and in SCC in similar proportions as this was found in IDC in our previous study, i.e. 87.8% vs. 83.85% in BCC and SCC, respectively. The expression of NUCKS in the cells of KA was significantly much below than that in two above cancers, i.e. 53.5%. The NUCKS expression was found in nuclei of tumor cells, similarly to the staining pattern for NUCKS in IDC. The staining pattern for NUCKS in both skin cancers was very similar, i.e. it was evenly disseminated throughout the whole tumor and the intensity of staining was intermediate-to-high or intermediate, whereas in KAs with disseminated staining pattern the intensity was low-to-intermediate or low. This supports the assumption that stronger NUCKS expression may reflect higher malignancy potential of examined tumor. Drosos et al. [7] found that the expression of NUCKS did not show correlation with Ki67 expression, neither in different breast lesions, including malignant tumors, nor in cell cultures. In our present study we found that the strong expression of NUCKS was observed in larger amount of cells than the expression of Ki67 and this referred to all examined skin tumors. The overexpression of NUCKS in the basal cell and SCC cells could then better point towards its relation with malignant potentials of the tumor, i.e. potentials for invasion and metastasis than the expression of Ki67. This finding could be supported by the results showing that elevated expression of NUCKS gene is associated with high-invasive phenotype in a mouse lung adenocarcinoma cell strains and the NUCKS protein is increased in majority of the cell strains [12] . Accordingly to Mantovani [31] cancer can be characterized by six hallmarks including the ability to invade other tissues and inflammation. Chechlinska et al. [32] emphasized that cancer and inflammation are inextricably linked and that the cancer patients have local and systemic changes in inflammatory parameters. They suggested that every new biomarker for cancer studies should be then evaluated with respect to inflammation in order to exclude inflammatory reaction in cancer patient, probably because activated lymphocytes express numerous genes regarded as tumor-specific markers. In our present study we observed a very weak NUCKS expression in single lymphocytes, endothelial cells and neither in macrophages nor in plasma cells. In all examined cases of BCC, SCC and KA the expression of NUCKS was found entirely in single inflammatory cells. Thus, we believe that the expression of NUCKS in different types of skin tumors should be considered as biomarker for tumor malignancy and not for inflammation. This remains in agreement with general findings of the other authors [7] where the most intense NUCKS staining was found in invasive ductal carcinoma compared to normal tissues. In summary, we would like to emphasize that NUCKS is overexpressed in BCC, SCC cells and it is also expressed in KA cells showing much higher expression than that of Ki67. Based on the present and previous studies we would like to suggest the NU-CKS as novel tumor marker in immunohistochemical evaluation of formalin-fixed and paraffin-embedded BCC and SCC specimen although further investigations are required to evaluate its role in histological diagnosis.
